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tive in solubilizing any of these electron transport components in detectable form. However, treatment of a microsomal suspension in 25% glycerol with 1% sodium deoxycholate led to the release of about 60% of the protein and each of the above hemoproteins and electron transfer activities to the fraction which was not pelleted after centrifugation for 2 hours at 105,000g. Some ent-kaur-16-ene oxidase activity could be detected in the solubilized fraction after removal of the detergent. Cytochromeb5 and DPNH-cytochrome b5 reductase activity were largely separated from one another and from an overlapping mixture of TPNHcytochrome c reductase and DPNH-cytochrome c reductase when the sodium deoxychobte-solubilized fraction was chromatographed on a DEAE-cellulose column. No cytochrome P-450 or cytochrome P-420 was detected in the column fractions and no ent-kaur-16-ene oxidase activity was detected when the column fractions were tested singly or in combination.
The possible partidpation of these components in the mixed function oxidation of ent-kaur-16-ene and a number of its oxidized derivatives catalyzed by these microsomes is discussed in relation to the model which has been developed to explain the function of analogous components in mixed function oxidase reactions in mammalian liver microsomes.
In recent years there has been extensive experimental interest in Cyt P-450-dependent external mixed function oxidase reactions, especially in relation to biosynthetic hydroxylations and drug metabolism. The most thorough investigations have been conducted with mammalian microsomal and mitochondrial systems and with a soluble system from the bacterium Pseudomonas putida. (See a monograph edited by Hayaishi [10] and a review ' This work was supported in part by National Institutes of Health Grant GM 07065 from the National Institute of General Medical Sciences.
by Gunsalus et al. [7] for recent summaries of information about these and other systems.)
Cyt P-450-dependent oxidases have also been reported in higher plant systems, but the characteristics of these have not been very thoroughly described. Murphy and West (22) presented evidence for the involvement of Cyt P-450 in the oxidations of ent-kaur-16-ene2 and some of its oxidized derivatives catalyzed by a microsomal preparation from the endosperm of immature Marah macrocarpus3 seeds. Several other reports have indicated the presence of a CO-binding pigment with spectral and other properties resembling Cyt P-450 in microsomal preparations from etiolated Pisum sativum seedlings and cotyledons of Phaseolus vulgaris and Zea mays (19) , from Arum spadices (34) , and from potato tubers (4). However, no function was ascribed to the P-450 from these sources. The characteristics of the transcinnamic acid 4-hydroxylase activity in microsomes of pea seedlings (28) and Jerusalem artichoke tubers (2) implicated Cyt P-450 in this oxidation. A recent paper by Potts et al. (27) provides definitive evidence for Cyt P450 participation in this 4-hydroxylation of trans-cinnamic acid by microsomes from sorghum seedlings and further describes a number of characteristics of the electron transfer reactions associated with the reaction. Finally, Madyastha et al. (17) and Meehan and Coscia (21) have shown a role for Cyt P-450 in the 10-hydroxylation of geraniol and nerol by vacuolar preparations from Vinca rosea seedlings.
The preceding paper by Hasson and West (9) dealt with the pyridine nucleotide and flavin nucleotide cofactor requirements for the mixed function oxidation of kaurene4 and some of its oxidized derivatives (kaurenol, kaurenal, and kaurenoic acid) in microsomes from the endosperm of immature M. macrocarpus seed. This paper is concerned with the description of some of the electron transfer components found in these microsomal preparations and their possible involvement in these oxidase reactions.
MATERIALS AND METHODS
Microsomal Preparations. The microsomal fraction was prepared from a homogenate of endosperm of immature wild cu-cumber (M. macrocarpus) seeds as described previously by Hasson and West (8) . The microsomal pellets were routinely resuspended at the level of 1 to 3 mg microsomal protein/ml 0.1 M tris-maleate, pH 7.3, which contained 25% glycerol (by volume) under an atmosphere of N2.
Kaurene Oxidase Activity. Kaurene oxidase was measured as previously described (8) . In a typical assay ['4C]kaurene (10, 000 cpm; 0.3 nmol), TPNH (0.5-1.0 ,umol), and FAD (0.05 iAmol)
were incubated with the enzyme in a total volume of 1 ml for 45 min at 30 C in a water bath with shaking. The products were extracted into acetone-benzene and the amounts of radioactivity associated with kaurene, kaurenol, kaurenal, kaurenoic acid, and 7J3-hydroxykaurenoic acid were determined after chromatography of the extract on a silica gel thin layer as a basis for determining the relative oxidation values (see (ref. 9) ).
TPNH-and DPNH-Cytochrome c Reductase Activities. These reductase activities were determined spectrophotometrically by a procedure based on that of Masters et al. (20) P-450 and indicates the instability of Cyt P-450 under these conditions. The presence of 0.11 nmol Cyt P-450 and 0.023 nmol Cyt P-420/mg protein can be calculated from the initial spectral measurements made on the suspension shown in Figure  1 , curve A. The changes in the spectrum after 30 min standing at ambient temperature indicated that the same suspension contained 0.074 nmol Cyt P-450 and 0.034 nmol Cyt P-420/mg protein. After 60 min of standing the suspension contained only 0.037 nmol Cyt P-450 and 0.052 nmol Cyt P-450/mg protein.
The ratio of 450 nm to 423 nm absorbance was increased if the microsomal suspension was prepared in 25% glycerol and maintained under an N2 atmosphere. Also the 450 nm peak was stable over a longer period of time under these conditions. Similar effects of these conditions on the balance of Cyt P-450 and P-420 in liver microsomes were reported by Sato et al. (30) . A similar CO-difference spectrum was observed with TPNH as the reductant rather than sodium dithionite ( Fig. 1, curve B ), but the specific absorbance of both the 450 nm and 423 nm peaks was much less.
The presence of Cyt b5 in the microsomes was indicated by the difference spectrum between a reduced and oxidized microsomal suspension. A prominent peak at 424 nm and a smaller one at 554 nm are typical of Cyt b5 as reported by Omura and Sato (24) . DPNH-Cyt c reductase, TPNH-Cyt c reductase, and DPNH-Cyt b5 reductase activities were detected in microsomal suspensions by spectrophotometric assays as described under "Methods." Solubilization by treatment with detergents was more successful. The approach utilized for solubilization of the activities and subsequent resolution of the components by ion exchange chromatography were based on those pioneered for hepatic microsomes by Lu and Coon (13) . (See also a recent review on the resolution and reconstitution of the liver microsomal enzyme system [14] .) The results of treatment with sodium deoxycholate are summarized in Table II . About 60% of the microsomal protein was present in the supernatant fraction after treatment with this detergent. Sodium deoxycholate treatment also released into the supernatant fraction in detectable form 43% of the Cyt b5, 30% of the TPNH-Cyt c reductase, 49% of the DPNH-Cyt c reductase, and 46% of the DPNH-Cyt b5 reductase originally present in the microsomes. About 38% of the original Cyt P-450 plus Cyt P-420 was recovered in the supernatant 481 fraction, but only one-third of this was in the form of P-450, whereas the original microsomal pellet had 70% of the total as P-450. The kaurene oxidase activity was completely inhibited by the levels of detergent used to effect solubilization. However, after the supernatant fraction was at least partially freed of detergent by a combination of Sephadex G-25 column chromatography and concentration of the void volume fraction on a Diaflo XM-50 membrane, it showed 24% of the kaurene oxidation activity initially observed in the microsomes.
Triton X-100 treatment of microsomes under similar conditions also solubilized a reasonable fraction of the microsomal protein (72%). Cyt b5 (47%), TPNH-Cyt c reductase (60%), and DPNH-Cyt b5 reductase (76%) were also detected in the supernatant fraction. However, neither Cyt P-450 nor DPNHCyt c reductase activity were detected in either the supernatant or pellet fractions after the Triton X-100 treatment. The absence of these two components may account for the fact that no kaurene oxidase activity could be found in either the pellet or supernatant fractions after detergent treatment, even after the fraction had been processed on a Sephadex G-25 column and Diaflo XM-50 membrane as described above. (26) . The results are expressed in different units from those originally presented. Cyt P-450 was converted to nmol mg protein-' from AE45,_500 X mg protein-' by assuming an extinction coefficient of 91 mM-' cm-'. Cyt b5 was converted to nmol x mg protein-' from AE427-410 by assuming an extinction coefficient of 185 mm-' cm-'. The TPNH-cyt c reductase and DPNH-cyt c reductase values were converted from gLmol reduced pyridine nucleotide oxidized x min-' x mg protein-' to Amol Cyt c reduced x min-' x mg protein-' by multiplying by 2.
d Nmol.
e ,umol electron acceptor reduced x min-'. (25 mg protein derived from about 250 ml endosperm) were resuspended in 2.5 ml 0.05 M tris-chloride (pH 7.2) containing 25% glycerol and 1% sodium deoxycholate. The suspension was stirred continuously at 4 C under an N2 atmosphere for 2 hr. After this treatment the suspension was centrifuged at 105,000g for 2 hr. The resulting supematant and pellet fractions were analyzed for their contents of electron transfer components by the procedures described under "Materials and Methods." The amount of protein taken for assays for kaurene oxidase activity was in all cases 0.1 mg. The levels of the components in intact microsomes are presented for comparison. (Fig 2) . Cyt b5 was not retained by the column. DPNH-Cyt b5 reductase was eluted Kaurene oxidase activity could not be detected in any of the column fractions tested singly or in combination. The addition of phosphatidylserine or phosphatidylcholine (in amounts ranging from 0.01 mg to 1 mg/reaction mixture) did not restore kaurene oxidase activity in these reconstitution experiments. However, a control suspension of microsomes which was maintained at 4 C for the period of time required for solubilization, removal of detergent, and chromatography had very low kaurene oxidase activity itself at the end of this period,. It is possible that the failure to recover kaurene oxidase activity was at least in part the result of the inherent instability of the system under the conditions employed. Table II was passed through a Sephadex G-25 column (1 x 15 cm) which had been pre-equilibrated with 0.05 M K-phosphate, pH 6.7, containing 25% glycerol. The column was eluted with this same buffer at room temperature and the pooled void volume fractions were concentrated on a Diaflo XM-50 membrane filter. This fraction was then introduced onto a DEAE-cellulose column (1.5 x 20 cm) which had been previously equilibrated with 0.05 M K-phosphate, pH 6.7, containing 25% glycerol. The [5] ). A major feature of this scheme is the participation of two one-electron reduction steps in the cycle of Cyt P-450-dependent oxidation of the substrate, one after the oxidized form of P-450 has bound the substrate and the second after molecular 02 has been bound to the reduced P-450-substrate complex. The first electron is most efficiently provided by TPNH by a flavoprotein, fpT, which is pictured as transferring electrons through a proposed, but not identified, carrier "X." The second electron can also originate from TPNH, but is more efficiently donated from DPNH by a separate flavoprotein, fPD, and Cyt b5.
The evidence strongly favors the direct participation of DPNHCyt b5 reductase and Cyt b5 when electrons are supplied from DPNH to Cyt P-450 (12, 18, 29, 33 [31] ).
The present work confirms the presence of Cyt P-450 and Cyt P-420-like pigments in the endosperm microsomal preparations as originally proposed by Murphy and West (22) . Other electron transfer components and activities analogous to those found in hepatic microsomes were also detected. These included Cyt b5, TPNH-Cyt c reductase, TPNH-Cyt P-450 reductase, DPNH-Cyt c reductase, and DPNH-Cyt b5 reductase. The presence of these components supports the idea that similar electron transfer pathways may participate in mixed function oxidations in this higher plant microsomal system and in hepatic microsomes. Table I summarizes the concentrations and activities of these components in a typical endosperm microsome preparation. For com- parison, the values of some of these same components reported for sorghum seedlings (27) and for hepatic microsomes and hepatic microsomes induced by phenobarbital treatment (26) The report of Potts et al. (27) is the only one dealing substantially with the properties of a Cyt P-450-dependent oxidase system from a higher plant source. With respect to the microsomal system from sorghum seedlings which catalyzes the 4-hydroxylation of trans-cinnamic acid, they report levels of Cyt P-450 and Cyt b5 very similar to those found in the endosperm microsomes. Their evidence for CO-inhibition and its photoreversal clearly implicate the Cyt P-450 in the hydroxylase reaction. They find that TPNH is utilized more efficiently than DPNH as the reduced pyridine nucleotide electron donor in much the same way as is true of kaurene oxidation in microsomes (9) . A stimulatory effect on the hydroxylation rate is seen when 1 mm DPNH and 1 mm TPNH are included together in comparison with either reduced pyridine nucleotide alone under conditions such that the overall rate of hydroxylation is inhibited by the addition of catechol. This result is interpreted as support for the proposal that two electron transfer pathways are operating as proposed by Hildebrandt and Estabrook (11) . The effects of a number of inhibitors or potential inhibitors are also generally in accord with the types of electron transfer pathways proposed for the mammalian microsomal systems. Although it is not possible to compare in detail the results of their work with the properties for the M. macrocarpus microsomal oxidases presented in this paper because of the somewhat different experimental approaches made, it seems that these two systems have many features of their electron transport systems in common.
Clearly there is much yet to be learned about the characteristics of Cyt P-450-dependent mixed funtion oxidations in higher plant systems. But at the level at which it has been possible to make comparisons to date, it seems they have many features in common with the hepatic microsomal Cyt P-450-dependent oxidase.
